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Figure 1
Figure 1 : Above shows a cascode amplifier of CS-CG configuration.

Find the small signal equivalent circuit for the above cascode amplifier
and derive its components for cascode transconductance G, output
resistance R, resistance looking in the source of transistor My Rj;, and

output voltage gain A, [Refer Appendix B}

(50%)
Explain briefly the condition needed for considering
G~ gmi and R, = (8mzt&mb2)ro1roz
’ (10%)
Explain briefly the condition needed for considering
1 K
sz‘“‘*g i +(. +R X
Em2 mb2 Bm2 + mb2) Vo2 (10%)

Calculate the value for G, and R;; of the circuit and compare both results
with the approximation made in (b) and (c) when both transistors operate
in the active region with g, = ImA/V, ¥ = gmb/gm = 0.5, and r, = 20KQ.

[Refer Appendix B] (30%)
.3/
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Figure 2: MOSFET source-couple pair

(a) Given a source-couple identical M, and M, differential pair above, derive
specific equations for each Vigand Vo4 by using KVL at the input loop and
KCL at the source of M; and M, that conclude,

Where,
lpap, KW fl dlran. /
ln = ==+ Ve wowin
) / W, [ a1,
&1{ Y | }f P R ,; P (szz !.. ,,,,,,, o 172
{ dl fa T i‘zd \i A’{W{"L\) V.i{!

(40%)
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(b)  Explain briefly the switching state (ON and OFF swinging) phenomenon
between M; and M, in relation with the swinging of I; and I; for

different overdrive voltage biasing as shown in Figure 3.
(30%)

05 065 0 0.25 05 YY)

Figure 3

() Explain the reason for designing a Perfect Symmetry Balanced
’ Differential Amplifier by stating its quantitative measures, also explain
how does it relate to the actual differential amplifier when Agm/Acm,
Adm/ Adm-cma Adm/ Acm-dm
(30%)
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The following Figure 4 illustrates the formation of depletion region for a simple

uniformly doped p-n junction at thermal equilibrium.

dE, d*¢ _ A

dx  d s
L maN, —xp, <x<0
* > Fo(x)= gV, 0<a<x,
T ¥ N o ry = N,

éw

+o. jrnunasrnen

Transition Region

Figure 4

(a) Solve the equations for depletion region width (W = W; + W) = X, +
Xp0), built in potential barrier (V;), and the electric field (E,) for a

uniformly doped p-n junction at thermal equilibrium.
' (30%)

(b)  Sketch out the plots for each E,, Vj;, and p, versus depletion region width
by stating specific parameters and functions involved.
' | (10%)
[Refer Appendix B]
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(c) To design a pn junction to meet maximum electric field and voltage
specifications, one must consider a silicon pn junction at 27°C with a p-
type doping concentration of N=10'%cm-3.

Determine the n-type doping concentration such that the maximum

electric field is |Epa| = 3X10° V/em at a reverse-bias voltage Vz = 25V.

(30%)

(d) What can you conclude of |Epg| by having smaller value of Ny ?
(10%)

(e) Calculate the shot noise current power and shot noise current rms for a p-n
junction of 1mA in a bandwidth of IMHz.
(20%)

(a) Derive the complete small-signal model for an NMOS transistor with
Ip=100pA, Vsp=1V, Vps=2V. Device parameters are ¢y = 0.3V, W=10pum,
L=lpm, y = 0.5V"2, k’= 200 pA/V?, 1 = 0.02 V", £, = 100 angstrom,
Wo= 0.6V, Cypo = C0= 10 fF. Overlap capacitance from gate to source

and gate to drain is 1 fF. Assume Cg;=5fF and

Vo = Vg =~ _V, [ Em = ; 2k e ] D N e H WLM(W/L)}Dm
TN FOWID VoL b = Y\ 202d, + Vsp)
(40%)
[Refer Appendix B]
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- (b)  Calculate the value for transition frequency of the short circuit current
unity gain frequency, f7
(10%)
(c) Calculate the overdrive and the transition frequency for NMOS transistor
operates at room temperature (T = 27°C) with Ip =1pA, I, = 0.1pA, Vps
>> Vr . Device parameters are W=10um, L=1uym, n = 1.5, k= 200
BA/V2, t,. = 100 angstrom. Assume the transistor is operating in strong

inversion.
(30%)

(d Calculate vy, = 1/g4 for Vps=2V and 4 V, and then compare with the
device 7. Assume I=100uA, A = 0.05 V', Vps aeme) = 0.3V, Ky = 5V,

and K; = 30V. The drain to bulk substrate relationships are given by the

following equations (Refer to Figure 5).
(20%)

[aY 3]

o = KiWps ~ Vosnadp &XP( [T
D8

Kalpy

P dpn ipg { K> ; ) .
\,‘l {!s) iy . 5 v . - . ke WK /’ S—— ;, ) ,.:2”
T avy o Vg = Visaen (V s~ Viseeo 7 Vos = Vosaed)

SN

Figure 5: Representation of impact ionization in an MOSFET by drain-substrate
current generator
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(b)  The ac schematic of a shunt-shunt feed-back amplifier is shown in

Figure 7. All transistors have I, =1mA,W /L =100, k' =60u4/V?*, and
A=1/(50V).

R

W

Figure 7 : An ac schematic of a shunt-shunt feedback amplifier

Calculate the overall gain v, /i, the loop transmission, the input

impedance, and the output impedance at low frequencies. Use the

formulas from two-port analysis ( see Appendix C ).
(50 %)

...10/-
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An amplifier has a low-frequency forward gain of 5000 and its transfer function

has three negative real poles with magnitudes 300 kHz, 2 MHz, and 25 MHz.

(a) Calculate the dominant-pole magnitude required to give unity-gain
compensation of this amplifier with a 45° phase margin if the original
amplifier poles remain fixed. What is the resulting bandwidth of the circuit

with the feedback applied?
(50%)

(b)  Repeat (a) for compensation in a feedback loop with a forward gain of 20

dB and 45° phase margin.
(50%)

- 0000000 -
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FrequencyResponse of
Integrated Circuits

7.1 Introduction

The analysis of integrated-circuit behavior in previous chapters was concerned with low-
frequency performance, and the effects of parasitic capacitance in transistors were not
considered. However, as the frequency of the signal being processed by a circuit increases,
the capacitive elements in the circuit eventually become important.

In this chapter, the small-signal behavior of integrated circuits at high frequencies is
considered. The frequency response of single-stage amplifiers is treated first, followed by
an analysis of multistage amplifiers. Finally, the frequency response of the 741 operational
amplifier is considered, and those parts of the circuit that limit its frequency response are
identified.

7.2 Single-Stage Amplifiers

The basic topology of the small-signal equivalent circuits of bipolar and MOS single-stage
amplifiers are similar. Therefore in the following sections, the frequency-response analysis
for each type of single-stage circuit is initially carried out using a general small-signal
model that applies to both types of transistors, and the general results are then applied
to each type of transistor. The general small-signal transistor model is shown in Fig. 7.1.
Table 7.1 lists the parameters of this small-signal model and the corresponding parameters
that transform it into a bipolar or MOS model. For example, Cj, in the general model
becomes C, in the bipolar model and C ¢s in the MOS model. However, some device-
specific small-signal elements are not included in the general model. For example, the
&mb generator and capacitors Csp, and Cyy, in the MOS models are not incorporated in the
general model. The effect of such device-specific elements will be handled separately in
the bipolar and MOS sections.

The common-emitter and common-source stages are analyzed in the sections below
on differential amplifiers.

7.2.1 Single-Stage Voltage Amplifiers and the Miiler Effect

Single-transistor voltage-amplifier stages are widely used in integrated circuits. Figures
7.2a and 7.2b show the ac schematics for common-emitter and common-source amplifiers
with resistive loads, respectively. Resistance Ry is the source resistance, and R, is the loi_!d
resistance. A simple linear model that can be applied to both of these circuits is shown in
Fig. 7.2¢c. The elements in the dashed box form the general small-signal transistor mod‘fJl
from Fig. 7.1 without r,. We will assume that the output resistance of the transistor 7o 15
much larger than R;. Since these resistors are connected in parallel in the small-signal

-1-
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corD

=0
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l Figure 7.1 A general small-signal
EorS transistor model.

circuit, r, can be neglected. An approximate analysis of this circuit can be made using
the Miller-effect approximation. This analysis is done by considering the input impedance
seen looking across the plane AA in Fig. 7.2¢. To find this impedance, we calculate the
current i; produced by the voltage v;.

i1 = (v; = vo)sCy 7.1n
KCL at the output node gives
g1 + - + (v — v1)sCy = 0 (1.2)
Ry
From (7.2), the voltage gain A, from v; to v, can be expressed as
Y 1- s%"—
=2 - _5 R f )
Ay(s) o gmRLY 7775 RiC; (7.3)
Using v, = Ay{s)v from (7.3) in (7.1) gives
ip = [1 = A(s)]IsCrvy (7.4)

Equation 7.4 indicates that the admittance seen looking across the plane AA has a value
{1 — A,(s)}sCy. This modification to the admittance sCy stems from the voltage gain
across Cy and is referred to as the Miller effect. Unfortunately, this admittance is com-
plicated, due to the frequency dependence of A,(s). Replacing the voltage gain Au(s)
in (7.4) with its low-frequency value A, = A,(0), (7.4) indicates that a capacitance of
value

Cu = (1= A)Cy o as)

Table 7.1 Small-Signal Model Elements

General Model Bipolar Model MOS Model
Tx rp 0
Tin Tm ®
, Cin Cr Cys
Cy Cu Csa
To 7o 7o
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(e)

Figure 7.2 (a) An ac schematic of a common-emitter amplifier. (b} An ac schematic of a common-
source amplifier. (c) A general model for both amplifiers.

is seen looking across plane AA. The use of the low-frequency voltage gain here is called
the Miller approximation, and Cy is called the Miller capacitance. From (7. 3), =
Ay(0) = —gnRy; therefore, (7.5) can be written as

Cu = (1 + gnRL)Cy (7.6)

'The Miller capacitance is often much larger than C; because usually g, Ry > 1.

We can now form a new equivalent circuit that is useful for calculating the forward
transmission and input impedance of the circuit. This is shown in Fig. 7.3 using the Miller-
effect approximation. Note that this equivalent circuit is not useful for calculating high-
frequency reverse transmission or output impedance. From this circuit, we can see that at
high frequencies the input impedance will eventually approach r,.

The physical origin of the Miller capacitance is found in the voltage gain of the circuit.
Atlow frequencies, a small input voltage v, produces a large output voltage v, = Ayovi =
—~8&mRyv1 of opposite polarity. Thus the voltage across Cy in Fig. 7.2c is (1 + gmRLIV1
and a correspondingly large current i; flows in this capacitor. The voltage across Cym

RS Ty

A Y,
+
v; vy §7‘in p—— Cin = Cy (P EmVi §RL
1

Figure 7.3 Equivalent circuit for Fig. 7.2c using the Miller approximation.

-3-




Appendix A [EEE 510]

in Fig. 7.3 is only vy, but Cy is larger than C by the factor (1 + g Ry); therefore, Cy
conducts the same current as Cy.

In Fig. 7.3, the Miller capacitance adds directly to Ci, and thus reduces the band-
width of the amplifier, which can be seen by calculating the gain of the amplifier as
follows:

Tin
"= Hrf:i‘ vi 7.7
1+ srinCe s+ 7x
Vo = —gmRiN (7.8)
where
C = Cy + Gy 7.9
Substitution of (7.7) in (7.8) gives the gain
Y i 1
A(s) = =2 = —gnR o 7.10
R N T
1Rs +ry+rp
1
=K - 5 (7.10b)
P

where K is the low-frequency voltage gain and p; is the pole of the circuit. Comparing
(7.10a) and (7.10b) shows that

ey Ry T
K gmRy Rs ¥ 7o ¥ (7.11a)
o Rstretmn 1 _ 1
PUZ "R rome G (R + G
1 {(7.11b)

= T1Rs + rolrmd - [Cm + C;(1 + gmRL)]

This analysis indicates that the circuit has a single pole, and setting s = jw in (7.10b)
shows that the voltage gain is 3 dB below its low-frequency value at a frequency
Ry +re+rmn 1 _ 1

(Rs +rorm G [(Rs + rollrin] - [Cin + C(1 + gmRL)]

w38 = |p1] = (7.12)

As C,, Ry, or Ry increase, the —3-dB frequency of the amplifier is reduced.

The exact gain expression for this circuit can be found by analyzing the equivalent
circuit shown in Fig. 7.4. The poles from an exact analysis can be compared to the pole
found using the Miller effect. In Fig. 7.4, a Norton equivalent is used at the input where

R = (Rs + r)llrin (7.13)
v
| i = T (7.14)
KCL at node X gives
i = -‘;—;- +v15Cin + (v = Vo)sCy . (7.15)

-4-
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I +

. I | 5 g
i () R Cine= "1 Em1 ( Ry 3 Vo

Figure 7.4 Figure 7.2c redrawn
using a Norton equivalent circuit

- at the input,
KCL at node Y gives
gmv1 t ;—o + (o —v)sCy =0 (7.16a)
L
Equation 7.16a can be written as _ 7
vi(gm — sCp) = =V, (Rl— + sCf) (7.16b)
L
and thus
1
— + sCf
- _, R
v Vo 2m —5C; 7.17)
Substitution of (7.17) in (7.15) gives
+ SCf
i = —(—— + 5Cin +sCf) L_scfv,,—sCfvo
and the transfer function can be calculated as
Vo _ _ RRy(gm — 5Cy) (7.18)
i 1+ S(CfRL + CfR + CuR + ngLRCf) + SZRLRCfCin ’
Substitution of i; from (7.14) in (7.18) gives
1- sgj:
Vo _ _8mRLR . &m (7.19)
Vi Ry +ryl+ S(CfRL + CfR + CnR + ngLRCf) + SZRLRCfCin
Substitution of R from (7.13) into (7.19) gives, for the low-frequency gain,
Vo Tin
Vo = —g Ry 7.20)
Vi lo=0 Em L R 1 + Tn (

as obtained in (7.10).

Equation 7.19 shows that the transfer function v,/v; has a positive real zero with mag-
nitude g,,/C . This zero stems from the transmission of the signal directly through Cy t0
the output. The effect of this zero is small except at very high frequencies, and it will be
neglected here. However, this positive real zero can be important in the stability analysi$
of some operational amplifiers, and it will be considered in detail in Chapter 9. The denom-
inator of (7.19) shows that the transfer function has two poles, which are usually real and
widely separated in practice. If the poles are at p; and p;, we can write the denominator

of (7.19) as
D(s) = (1 - i)(l - i) (1.21)
Di D2

-5-
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and thus

1 1 5
D =1-s{—+— |+ (7.22)
pr P2/ Pip2
We now assume that the poles are real and widely separated, and we let the lower
frequency pole be p; (the dominant pole) and the higher frequency pole be p; (the non-
dominant pole). Then |pa| > |p1| and (7.22) becomes

5%

D(sy~1-—+
pi Pip2

If the coefficient of s in (7.23) is compared with that in (7.19), we can identify

(7.23)

1
Pt = TG R+ CAR + gmRLR + R1)
1

R[Cin + Cf (1 + gmRL + BR-L-)]

(1.24)

If the value of R from (7.13) is substituted in (7.24), then the dominant pole is

Ry tryttin 1
) R
(Rs + ro)rin [Cin + Cy (1 + gmRL + —K’L-ﬂ
1

[(Rs + r)llriad - [Cin + Cy (1 + gmRe + %)}

(7.25)

pr =

I

This value of p; is almost identical to that given in (7.11b) by the Miller approximation.
The only difference between these equations is in the last term in the denominator of (7.25),
R/R, and this term is usually small compared to the (1 + gmRy) term. This result shows
that the Miller-effect calculation is nearly equivalent to calculating the dominant pole of
the amplifier and neglecting higher frequency poles. The Miller approximation gives a
good estimate of @ —34B in many circuits.
Let us now calculate the nondominant pole by equating the coefficient of s2in (7.23)
with that in (7.19), giving
1 1
P2 = b RiRC/Cin

Substitution of pp from (7.24) in (7.26) gives

1 1 1 &m
__ + + 4 &m 7.27
b2 (RLCf RCn RiCn G ) (7.27)

The results in this section were derived using a general small-signal model. The gen-
eral model parameters and the corresponding parameters for a bipolar and MOS transistor
are listed in Table 7.1. By substituting values from Table 7.1, the general results of this sec-
tion will be extended to the bipolar common-emitter and MOS common-source amplifiers,
which appear in the half-circuits for differential amplifiers in the following sections.

(7.26)




Appendix B

A.1.1 SUMMARY OF ACTIVE-DEVICE PARAMETERS
(o) npn Bipolar Transistor Parameters

Quantity Formula

Large-Signal Forward-Active Operation

v
Collector current I =g cxp-iﬁ
T
Small-Signal Forward-Active Operation
glc _ Ic
Transconductance . =2t = =
’ ¢ & = 4T T Vr
Transconductance-to-current ratio L L
_ Ic Vr
I i _ Bo
nput resistance Fe = —
. o
. V. 1
Output resistance ro = =& = —
Ic  M&m
Collector-base resistance ry = Boro t0 5Boro
Base-charging capacitance Cy = TFgm
Base-emitter capacitance Cy = Cp + Cje
Emitter-base junction depletion capacitance  Cje = 2C;e0
A . C
Collector-base junction capacitance C, = ————50——-,;
(1 _ ¥ae
llf()c

[EEE 510]
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(continued)

Quantity Formula

Small-Signal Forward-Active Operation

Collector-substrate junction capacitance  Cg; = -—%}i——n;
1 Vsc
( ¢0s )
Transition frequenc fr = 1 __8m
quency T = 37 Cy+ Cy
Effective transit time T = ! = 7% + Cre + Cu
27 fr &m 8m
. . Va1
Maximum gain Emlo = 7 TI
(b) NMOS Transistor Parameters
Quantity : Formula
Large-Signal Operation
Drain current (active region) I; = “g"" %(Vg, - Vo)
Drain current (triode region) I; = 'U’gox %[Z(Vgs - V)V — Vil
Threshold voltage Vi=Veo+y [./24) r+ Vo — J2¢ f}
Threshold voltage parameter y = Cl J2g€eN,
Oxide capacitance Cox = etﬂ = 3.45 fF/um? for t,; = 100 A
. ox

Small-Signal Operation (Active Region)

Top-gate transconductance gm = uC,,X—LvK(VGs -V = ,/2IDMC0,¥

. 8m 2
Transconductance-to-current ratio o= e —
Ip  Ves—V;
Y
Body-effect transconductance Emp = — === = XE&m
2. /2¢ f+ Vse
T . 1 1 dX,
Channel-length modulation parameter T e e
& P Vi Ler dVps »
Output resistance r, = 7‘%; = I—gi(;‘i‘; s)
Effective channel length Lesr = Larwn — 2Lg — X4
Maximum gain Bmlo = 1 2 = 2V
e AVGS_Vt VGS_VI
Source-body depletion capacitance Cop = Cabo

e




Appendix B

(continued)

Quantity

Formula

Small-Signal Operation (Active Region)

Drain-body depletion capacitance

Gate-source capacitance

Transition frequency

C
Cap = 22 035
(1 + V—D‘E)
o
2
Cos = SWLCs:
Jr L

T 20(Cpe + Coa + Cp)

Table B.2 | Conversion factors

=f

1 A (angstrom) = 10~% em = 10-® m 10-4 femto-
1 pm (micron) = 10~* ¢cm 10712 pico- =p
Tmil = 107% in. = 25.4 um 10-° nano- =n
254cm =1 in. 10-6 micro- =y
leV=16x10"271" 10-3 milli- =m
11 =10" erg 10 kilo- =k
10+¢ mega- =M
10+2 giga- =G
tera =T

Table B.3 | Physical constants

10_4«12‘

Avogadre’s number

Boltzmann’s constant

Electronic charge
(magnitude)

Free electron rest mass
Permeability of free space
Permittivity of free space

Planck’s constant

Proton rest mass
Speed of light in vacaum

Thermal voltage (T = 300 K)'

T Ny =6.02 x 102
atoms per gram
molecular weight
k=138x10"% JJ)K
= 8.62 x 10~% eV/K
e= 160 x 1077 C

mg = 9.11 x 10~ kg

to = 41 x 107 Him.

€p = 8.85 x 107" Flem
= 8.85 x. 10712 F/m

= 4,135 x 1075 eV-s

L = fi = 1.054 x 10~ J.g
2r o _ _
M=167x10"%kg -
¢ = 2998 x 10% cy/s
v, = 5L 0,0259 vot
KT =0.0259 eV

-3 -
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Basic amplifier
i, ..
—
+ +
5 i; \/] E4] Yo
Feedback network
in
C)fv.
— ° ~—— Figure 8.9 Shunt-shunt
=" _ 22f =% feedback configuration.

8.5 Practical Configurations and the Effect of Loading

In practical feedback amplifiers, the feedback network causes loading at the input and
output of the basic amplifier, and the division into basic amplifier and feedback network
is not as obvious as the above treatment implies. In such cases, the circuit can always be
analyzed by writing circuit equations for the whole amplifier and solving for the transfer
function and terminal impedances. However, this procedure becomes very tedious and
difficnlt in most practical cases, and the equations so complex that one loses sight of the
important aspects of circuit performance. Thus it is profitable to identify a basic amplifier
and feedback network in such cases and then to use the ideal feedback equations derived
above. In general it will be necessary to include the loading effect of the feedback network
on the basic amplifier, and methods of including this loading in the calculations are now
considered. The method will be developed through-the use of two-port representations of
the circuits involved, although this method of representation is not necessary for practical

calculations, as we will see.

8.5.1 Shunt-Shunt Feedback

Consider the shunt-shunt feedback amplifier of Fig. 8.9. The effect of nonideal networks
may be included as shown in Fig. 8.13a, where finite input and output admittances are
assumed in both forward and feedback paths, as well as reverse transmission in each.
Finite source and load admittances ys and y. are assumed. The most convenient two-port
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564 Chopter8 » Feedback

Basic amplifier
+ ’ Y124 Yo
( i Ys ¥ Pa ( p ) ¥22a n v,
_ Y21a Vi )
Feedback network
Y121 Vo
Yuf Yozr
Yaif ¥i
(a)
New basic amplifier
_______________________________________ [
+ : : +
}
koW ; Vs Y1y Fia C Y2ie Vi é’m Yaor Yo : 1A
_ } :
e T I b
New feedback network

e e 1

i i

: ( Yizr Yo :

! !

S 3

(b)
Figure 8.13 (a) Shunt-shunt feedback configuration using the y-parameter represbntation. )
Circuit of (a) redrawn with generatoss yz; sv; and yj2,v, omitted,

————— SR ¥

representation in this case is the short-circuit admittance parameters or y param-
eters," as used in Fig. 8.13a. The reason for this is that the basic amplifier and the feedback
network are connected in parallel at input and output, and thus have identical voltages
at their terminals. The y parameters specify the response of a network by expressing the
terminal currents in terms of the terminal voltages, and this results in very simple calcu-
lations when two networks have identical terminal voltages. This will be evident in the
circuit calculations to follow. The y-parameter fepresentation is illustrated in Fig. 8.14.
From Fig. 8.13aq, at the input

Is = (s + yua + yusli + 124 + yizs)vo (8.46)
Summation of currents at the output gives .
0 = Onia + yausi + L + y220 + Y224)V0 (847
It is useful to define
Yi = Ys+ Yuat yuy ' (8.48)
Yo = YL+ Y22a + Y225 (8.49)
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8.5 Practical Configurations and the Effect of Loading 565

Iy i2
— ————
+ Ot L ¢
v V2
Y, GG ———0 -

=y +y2v2
ig=Yo V1 +¥22 V2

)
1

vi|va=0 vaivy=0
Yoy =12 0 yoa=2 Figure 8.14 The y-parameter
Vitva= v2|n=0 representation of a two-port.

Solving (8.46) and (8.47) by using (8.48) and (8.49) gives

Vo ~(y21a + y217)
Yo = 8.50
is  YiYo — O21a + Y215)12a + Yr2s) ®.50)

-The equation can be put in the form of the ideal feedback equation of (8.35) by dividing

by yi¥s to give L_7 e _a_=A
~(y21a + y217) i‘ - 'T“F
Vo YiYo
= = (8.51)
= +
N O21a + y217) 120 + Y125)
YiYeo
Comparing (8.51) with (8.35) gives
a=— Y21a + Y21f 8.52)
: - YiYo
f = y12a + Yizr (8.53)

At this point, a number of approximations can be made that greatly simplify the calcu-
lations. First, we assume that the signal transmitted by the basic amplifier is much greater
than the signal fed forward by the feedback network. Since the former has gain (usually
large) while the latter has loss, this is almost invariably a valid assumption. This means
that

[y210l = Ir21s] (8.54)

Second, we assume that the signal fed back by the feedback network is much greater than
the signal fed back through the basic amplifier. Since most active devices have very small
reverse transmission, the basic amplifier has a similar characteristic, and this assumption
is almost invariably quite accurate. This assumption means that

: [y12al << Iyizsl (8.55)
Using (8.54) and (8.55) in (8.51) gives

—Y2la
‘,{_z = A= _)’;yo : (8.56)
5 1+ 2la

YiYo yis
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566 Chapter 8 a Feedback

‘Comparing (8.56) with (8.35) gives

Y21a
= - 8.57
4 YiYo ( )
f = yor (8.58)

A circuit representation of (8.57) and (8.58) can be found as follows. Equations 8.54
and 8.55 mean that in Fig. 8.13a the feedback generator of the basic amplifier and the
forward-transmission generator of the feedback network may be neglected. If this is done
the circuit may be redrawn as in Fig. 8.13b, where the terminal admittances yy1 s and y2
of the feedback network have been absorbed into the basic amplifier, together with source
and Joad impedances ys and y,. The new basic amplifier thus includes the loading effect
of the original feedback network, and the new feedback network is an ideal one as used
in Fig. 8.9. If the transfer function of the basic amplifier of Fig. 8.135 is calculated (by
first removing the feedback network), the result given in (8.57) is obtained. Similarly, the
transfer function of the feedback network of Fig. 8.13b is given by (8.58). Thus Fig. 8.13b
is a circuit representation of (8.57) and (8.58).

Since Fig. 8.13b has a direct correspondence with Fig. 8.9, all the results derived in
Section 8.4.2 for Fig. 8.9 can now be used. The loading effect of the feedback network on
the basic amplifier is now included by simply shunting input and output with y;; ¢ and y»3,
respectively. As shown in Fig. 8.14, these terminal admittances of the feedback network
are calculated with the other port of the network short-circuited. In practice, loading term
Yuy is simply obtained by shorting the output node of the amplifier and calculating the
feedback circuit input admittance. Similarly, term y2,; is calculated by shorting the input’
node in the amplifier and calculating the feedback circuit output admittance. The feedback
transfer function f given by (8.58) is the short-circuit reverse transfer admittance of the
feedback network and is defined in Fig. 8.14. This is readily calculated in practice and
is often obtained by inspection. Note that the use of y parameters in further calculations
is not necessary. Once the circuit of Fig. 8.13b is established, any convenient network
analysis method may be used to calculate gain a of the basic amplifier. We have simply
used the two-port representation as a general means of illustrating how loading effects may
be included in the calculations. ‘

For example, consider the common shunt-shunt feedback circuit using an op amp as
shown in Fig. 8.15a. The equivalent circuit is shown in Fig. 8.15b and is redrawn in 8.15¢
to allow for loading of the feedback network on the basic amplifier. The y parameters of
the feedback network can be found from Fig. 8.15d. '

i 1
yuy = ;!l- . = R_F 7(8.59)
\’2’
Y N (8.60)
Y225 = Valymo  Rr - Ao
i 1
= 1 = e = .61
v = o om0 Rr S (8.61)

Using (8.54), we neglect yy; .
The basic-amplifier gain a can be calculated from Fig. 8.15¢ by putting iy, = Otogive,

ziRp .
- ) .62
4! Z + Rr i (8.62)
R .
Vo = T Zaavvl (8.63)
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where
R = Rel|Re (8.64)
Substituting (8.62) in (8.63) gives
Vo _ R ziRF .
5% TR¥"u+tRr (8.65)

Using the formulas derived in Section 8.4.2 we can now calculate all parameters of the feed-
back circuit. The input and output impedances of the basic amplifier now include the effect
of feedback loading, and it is these impedances that are divided by (1 + T) as described in
Section 8.4.2. Thus the input impedance of the basic amplifier of Fig. 8.15¢ is

_ _ Rrz;
Zia = RF“Z: = Rr + a (866)
When feedback is applied, the input impedance is
= L8 _
Z TF T (8.67)
Similarly for the output impedance of the basic amplifier
Zoa = 2lIRFIIRL (8.68)
When feedback is applied, this becomes
zol|RF|IRL
= L .6
z, 1+ T (8.69)

Note that these calculations can' be made using the circuit of Fig. 8.15¢ without further
need of two-port y parameters.

Since the loop gain T is of considerable interest, this is now calculated using (8.61)
and (8.65):

RrRL Zi
T = =
. af RpRp + Z,Rp + ZoRLav zi+ Rp

(8.70)




